This paper offers a comprehensive comparison of the structure of banking and financial markets in the euro area. Based on this, several hypotheses about the role of banks in monetary policy transmission are developed. Many of the predictions that have been proposed for the U.S. are deemed unlikely to apply in Europe. Testing these hypotheses we find that monetary policy does alter bank loan supply, with the effects most dependent on the liquidity of individual banks. Unlike in the US, the size of a bank does generally not explain its lending reaction. We also show that the standard publicly available database, BankScope, obscures the heterogeneity across banks. Indeed, for several types of questions BankScope data suggest very different answers than more complete data that reside at national central banks.
Introduction
On January 1 st , 1999, eleven European countries fixed the exchange rates of their national currencies irrevocably and started monetary union with the conduct of a single monetary policy under the responsibility of the Governing Council of the European Central Bank. 1 This creation of a single currency for several countries raises the need to better understand the transmission process of monetary policy in the new currency area. While theory offers a wide array of different transmission channels (e.g., the exchange rate, asset price or interest rate channels,...), those that offer an important role for banks are of special interest here, mainly for two reasons.
First, most European countries rely much more heavily on bank finance than for example the US (see table 1 ). Comparing the ratio of bank total assets to GDP across the four largest countries of the euro area 2 and the US it turns out that banks are much less important in the US than in any of the European countries. Accordingly, the financial structure of the corporate sector in Europe relies much more heavily on bank loans, with the mirror image of this being the larger stock market capitalisation and the more prominent role of debt securities issued by the corporate sector in the US. Second, around the high overall level of bank dependence there are also some notable country-level differences. Thus, it is also natural to explore the implications of these differences. We document the differences in a comprehensive fashion in tables 2 and 3, and in what follows concentrate on the gaps that may have implications for the transmission of monetary policy.
For instance, we will show that firms depend to a different degree on bank finance in the various countries. Italian firms, for instance, use around ten times less debt finance than firms in France.
Also, the maturity of bank loans is much shorter in Italy than in France. Such a shorter maturity structure of bank loans is likely to accelerate the monetary transmission, since loans have to be renewed much more frequently.
1 On January 1 st , 2001, Greece joined the monetary union as the twelfth member state. 2 These four countries, which form the group of countries studied in section 5, contribute approximately 80% to euro area GDP.
Another example is heterogeneity of the market structure of the banking industry across euro area countries. The national market concentration as measured by the Herfindahl index is much lower in Germany than for example in France. On the other hand, in both countries the five largest banks show a similar market share. Germany is therefore characterised by a banking system with many more very small banks, a large proportion of which is affiliated to a network. These differences in the national market structure can potentially alter the transmission of monetary policy impulses.
We try to quantify the importance of these considerations by focusing on three questions: (1) what is the role of banks (i.e. bank loans) in monetary transmission in the euro area, (2) are there differences in this respect across the member countries of EMU, and (3) are there distributional effects of monetary policy on different types of banks?
These issues have also been addressed in several recent studies on the monetary transmission process at the aggregate level.
3 However, the macroeconomic evidence is not conclusive, mainly because of the wide confidence intervals that are normally associated with those estimates. This paper makes use of microdata on banks. By using the cross-sectional information of these datasets, we hope to get more precise estimates, thus allowing for better inference on differences across countries. Read in conjunction with several companion papers analysing the country-level, this makes for a very complete analysis of the role of banks in monetary policy transmission in the euro area.
The central task in this effort is to identify the reaction of loan supply to monetary policy actions.
This is important since bank loans are the most important link between banks and private non-banks, and because bank loans very often cannot be easily substituted by other forms of finance on the borrower's side. For the analysis of bank loan supply, cross-sectional differences between banks can aid in the identification problem. 4 In particular, we investigate whether there are certain types of banks whose lending is more responsive to monetary policy impulses. This would be the case if a monetary policy induced decrease in deposits (or increase in the cost of funding) were differentially hard for banks to neutralise. If the banks face different funding costs, the same impulse will lead to different reductions in lending across banks.
The prior literature has proceeded by positing several differences that could shape loan supply sensitivity to monetary policy. One strand of this literature checks whether poorly capitalised banks have a more limited access to nondeposit financing and as such should be forced to reduce their loan supply by more than well capitalised banks do (e.g., Peek and Rosengren, 1995) . The role of size has been emphasised, for example, in Kashyap and Stein (1995) : small banks are assumed to suffer from informational asymmetry problems more than large banks do, and find it therefore more difficult to raise uninsured funds in times of monetary tightening. Again, this should force them to reduce their bank lending relatively more when compared to large banks. Another distinction is often drawn between more and less liquid banks (e.g., Kashyap and Stein, 2000) . Whereas relatively liquid banks can draw down their liquid assets to shield their loan portfolio, this is not feasible for less liquid banks.
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In section 2 we will provide a description of the financial markets in the countries of the euro area.
We will argue that these characteristics are important for the role of banks in monetary policy transmission, and that some of the results found for the US are not likely to be applicable in the European context. Mainly, we believe that the size criterion is not necessarily a good indicator for distributional effects across banks. These presumptions will be tested in the empirical analysis, where we consider which bank characteristics, i.e. size, liquidity or capitalisation distinguish banks' responses to changes in the interest rates also in Europe. In this paper, we will perform regressions for the euro area as a whole and the four largest countries of the euro area, and furthermore draw on the results obtained in the companion papers. Whereas the companion papers are written with a national perspective, the main aim of this paper is to provide an overview of those results obtained at the national level, to produce a more comparable set of results by performing regressions in a harmonised approach, and to broaden the focus to the euro area as a whole.
The remainder of the paper is organised as follows. Section 2 describes the structure of the banking sector in the euro area and the consequences it might have for the role of banks in monetary policy transmission. The theoretical model underlying our analysis is introduced in Section 3. Section 4 presents results for the entire euro area and the four largest member countries using individual bank balance sheet data provided by BankScope, which have been used extensively in the literature, in order to assess their quality for this type of analysis. Section 5 presents evidence on a national basis using databases on the full population of banks collected by the respective national central banks.
Section 6 provides some measures of the macroeconomic importance of the results obtained. Section 7 summarises the main conclusions.
5 Stein (1998) ; Ashcraft (2001) ; Kishan and Opiela (2000) ; Van den Heuvel (2001) .
The structure of the banking system in the euro area and its implications for the role of banks in monetary policy transmission

The structure of the banking system in the euro area
This section provides a short description of the structure of the banking system in the euro area. As a background, table 2 reports a number of statistics on the banking market in the individual euro area countries. It covers indicators for the availability of non-bank finance for firms, measures of concentration of the banking market, statistics on the performance of banks as well as an index of the role of the government in banking. The table shows that bank finance, as stated in the introduction, is of primary importance in most countries of the euro area, and gives some indication as to the heterogeneity of banking structures.
We believe several features of national banking structures to be important for the response of bank lending to a monetary policy action, and for the assessment of the macroeconomic importance of such responses. In the following, we highlight the most distinctive patterns that might be relevant in this context and refer the interested reader to the companion papers, which elaborate in more detail on the main features of the respective national banking systems.
Importance of banks for firms' financing
As mentioned in the preceding section, banks play an important role in firms' financing. Market financing of the corporate sector is less developed than in the US. Even in France, where it is more important than in many countries of the euro area (see table 1), only the largest firms can issue debt securities, and the role of banks in financing firms is still much more dominant than in the US. To
give another example, in Germany and Italy in 1997, the ratio of bonds to total bank loans of firms stood at around 1 percent only. The business sector has therefore been heavily dependent on bank credit, while the smaller size of the capital market has limited diversification of bank assets. This indicates that changes in bank loan supply affect firms relatively strongly, since they cannot easily find substitutes for the bank finance.
Maturity of loans, collateralisation
The loans supplied by Italian banks are to a large extent short-term and come with variable interest rates. The same tendency is present in Spain. This can accelerate the transmission of monetary policy impulses to lending rates and thus borrowing costs. On the other hand, countries like Austria and the Netherlands have a longer maturity of loans and a higher share of fixed rate contracts. 6 In countries 6 Borio (1996) .
like Italy, where a high percentage of loans is backed by collateral, the response of bank loans to monetary policy could be furthermore accentuated through the so called "balance sheet channel".
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Relationship lending
In several European countries, the market for intermediated finance is characterised by relationship rather than arm's length lending. It is very common that bank customers establish long lasting relationships with banks, with a prominent example being the German system of "house banks", in which firms conduct most of their financial business with one bank only. 8 With most German banks operating as universal banks, and therefore supplying their customers with the full range of financial services, this implies a much closer linkage to a single bank than in many other countries. For the creditor, this could also imply an implicit guarantee to have access to (additional) funds even if the central bank follows a restrictive monetary policy. 9 In such a case, the reaction of bank loan supply to monetary policy should be at least muted. Typically, house bank relationships exist between relatively small banks -for which the loan business with non-banks is still a central activity -and their customers. Italy shows a similar pattern, where many small banks entertain close relationships with their customers, which are especially small firms. 10 This is true for France as well, where most small firms have business relationships with one bank only. However, although being numerous, these small firms do not account for a large share of GDP.
Market concentration and size structure
The banking markets in the countries of the euro area have been characterised by a steadily increasing concentration during the 1990's. It stands at different levels in the various countries, however. According to the Herfindahl index, Germany and Italy are at the lower end of market concentration in the euro area, as opposed to Belgium, Greece, the Netherlands, and especially
Finland.
Tables A3 and A4 in the appendix provide a more detailed comparison of the size structure in the four largest countries of the euro area. We split the population of banks into small and large banks with respect to a relative national threshold (with respect to their size in comparison to the national distribution -table A3), as well as according to an absolute criterion in terms of the value of their total assets (table A4) .
For all countries, a small number of large banks holds a major share in both the loan and deposit market: the 75% smallest banks hold only around 8% to 15% of deposits, and account for around 5%
7 See, among others, Bernanke and Gertler (1989) , Mishkin (1995) , Oliner and Rudebusch (1996) and Kashyap and Stein (1997) . 8 See, e.g., Elsas and Krahnen (1998) . 9 See, e.g., Rajan and Zingales (1998) . 10 Angelini, Di Salvo and Ferri (1998) .
to 12% of loans, whereas the 5% largest banks hold around 52% to 71% of deposits and have a market share of around 56% to 77% in loans. Table A3 reports similar data on the US as a benchmark. Also there, the 75% smallest banks account for a small market share in terms of total assets, loans and deposits, whereas the top 5% account for the lion's share in each respect.
The comparison with respect to the absolute threshold in table A4 shows that, although there are many more banks with assets larger than 10 billion euros in Germany than elsewhere, there are many fewer large banks in relation to the overall banking population: 2% of the German banks are large in an absolute sense compared to 7% of the French banks. The relatively atomistic structure of the German banking sector can also be seen when comparing the loan market share of small banks across the four economies. It stands at 19% for Germany, as opposed to 3% in France.
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The structure of these small banks varies considerably across countries. Whereas French, Italian and Spanish small banks are on average very liquid, there does not seem to be a difference in this respect in Germany. Similarly with capitalisation, where small banks are on average better capitalised in
France, Italy and Spain, whereas there is only a small difference in Germany.
On the euro area scale, German banks are the least capitalised. The low degree of capitalisation in Germany is usually explained by the low riskiness of the asset structure of German banks in an international comparison: on average, German banks hold more public bonds and other less risky assets, like e.g. interbank assets. It is interesting to note that in Italy, the small banks hold a much larger market share in the deposit market than in the loan market, which turns out to be less extreme in the other countries.
11 These discrepancies might also partly reflect differences in the way cooperative bank networks are considered in each country. In France, these networks have been, except for one of them, considered as a unique entity, rather than a multitude of banks. Nevertheless, those networks are globally less important in France than in Germany. 
State influence and ownership structure
Although steadily declining over time, the role of the government in banking markets is an important issue in Europe. 12 State influence has been much more common than in the US, as is documented in LaPorta et al. (2000) . State influence is exerted either through direct public ownership of banks, through state control, or through public guarantees. Public ownership of banks was, during the sample period studied, most widespread in Austria, but significant also in most other countries of the euro area. In Finland, the government issued a guarantee for all bank deposits following the banking crisis of the early 1990s, and maintained this until 1998. In Greece, the market share of the statecontrolled banks is currently around 50%, down from 70% in 1995. In other countries, the influence of the state is rather limited, like for example in Spain, where state-owned banks represented 13% of total loans and 3% of total deposits at the start of the sample period (1988), but have been completely privatised by the end of the sample. Savings banks in Spain are not publicly guaranteed, despite the involvement of some local governments in their control.
Deposit insurance
The degree of effective deposit insurance differs considerably across European countries during the sample period studied. Deposit insurance in Spain covered all deposits of non-financial entities up to a relatively modest amount (9000 euros per depositor in 1990 and 15000 euros in 1998). In Germany, on the other hand, the statutory deposit insurance system, a private safety fund as well as crossguarantee arrangements in the savings banks' and in the cooperative banks' sectors, respectively, effectively amount to a full insurance of all non-bank deposits. France appears to be in an intermediate position with a complete insurance for deposits up to 76000 euros per depositor.
Bank failures
In most countries of the euro area, bank failures have been occurring much less frequently than in the Gropp et al. (2001) . 14 See Federal Deposit Insurance Corporation (1998 Corporation ( ) for 1980 Corporation ( -1994 In the period [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] 40 (in almost all cases very small mutual) banks were placed in administrative liquidation. The share of deposits of failed banks was always negligible and reached around 1% only three times, namely in 1982 times, namely in , 1987 times, namely in and 1996 times, namely in (see Boccuzzi, 1998 widespread, affecting 58 banks (accounting for 27% of deposits), while the second one (1991) (1992) (1993) affected very few banks but involved one of the biggest institutions. In both cases, due to the potential systemic implications, most of the banks were either acquired by other solvent institutions, or the government intervened, so that depositors' losses were very limited. Besides these two periods, there was only one failure of a very small bank in Spain. A banking crisis was also experienced in Finland during the early 1990s. However, because of strong government intervention, only one bank failure materialised.
Bank networks
In several countries of the euro area, banks have set up networks of various kinds. Especially the savings banks and credit cooperatives are frequently organised in networks, although with a varying degree of collaboration in the different countries. To give an example, in Germany most banks (and especially the vast majority of small banks) belong to either the cooperative sector (in the 1990s about 70% of all banks) or the savings banks' sector (almost 20%). Both sectors consist of an "upper tier" of large banks serving as head institutions. The "lower tier" banks generally entertain very close relationships to the head institutions of their respective sector, leading to an internal liquidity management: on average, the "lower tier" banks deposit short-term funds with the "upper tier" banks, and receive long-term loans in turn.
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Similar structures can be found in many countries of the euro area. In Austria, 750 of 799 banks in 1996 belonged to the savings banks or credit cooperative network, which have structures comparable to those described for Germany. In Finland, cooperative banks are organised in the OKO Bank group, which has a centralised liquidity management. In Spain, on the other hand, savings and cooperative banks' networks exist, but their central institutions play only a relatively minor role.
Some conjectures on the role of banks in monetary policy transmission
The structure of the banking markets in the individual countries is likely to determine the response of bank lending to monetary policy. Several features of European banking markets are significantly different from those found in the US. It is therefore most likely that the distributional effects across banks that have been documented for the US will not be identical to those we can expect for the countries of the euro area. Additionally, there are significant differences across European countries, such that we would not necessarily expect results to be identical for the various countries. Under a government guarantee, it is also possible that weaker banks engage in a "gamble for resurrection" by extending their loan portfolio despite potential increases in its riskiness. Evidence for this is provided in Virhiälä (1997, p.166) , who detects such a pattern among cooperative banks in
Finland during the early 1990s. He finds, that the lower the degree of capitalisation of a bank, the more expansive was its loan supply.
The extensive degree of effective deposit insurance in countries like Germany and Italy makes it furthermore difficult to believe that deposits at small banks are riskier than deposits held at large banks.
The network arrangement between banks can also have important consequences for the reaction of bank loan supply to monetary policy. In networks with strong links between the head institutions and the lower tier, the large banks in the upper tier can serve as liquidity providers in times of a monetary tightening, such that the system would experience a net flow of funds from the head institutions to the small member banks. Ehrmann and Worms (2001) show that in Germany, indeed, small banks receive a net inflow of funds from their head institutions following a monetary contraction. This indicates that the size of a bank need not be a good proxy to assess distributional effects of monetary policy across banks.
Additionally, banking networks consist frequently of mutual assistance agreements, as is the case for example for the Austrian and German credit cooperative sectors. These help to diminish informational asymmetries for a single bank, since it is the sector as a whole rather than the single bank that determines the riskiness of a financial engagement with a member bank.
Under the assumption that relationship lending implies that banks shelter their customers from the effects of monetary policy to some degree, we would expect that those banks show a muted reaction in their lending behaviour. Since it is often small banks which maintain these tight lending relationships, it might very well be that smaller banks react less strongly to monetary policy than large banks (which would be the opposite to the findings for the US). At least, size does not always need to be a good indicator for distributional effects across banks. Of course, the small banks need to have the necessary sources of funds at hand to maintain their loan portfolio even in times of monetary tightenings. This can be either achieved through a higher degree of liquidity of those banks like, e.g., in Italy or in France, through the liquidity provisions within the bank networks as, e.g., in
Germany, and/or thanks to a better capitalisation as in France, Italy and Spain.
Overall, we would therefore expect the consequences of informational frictions to be much less important in most countries of the euro area than they are in the US. The reaction of a bank's lending might thus depend much more on the importance it attributes to maintaining a lending relationship than on the necessity to fund a certain loan portfolio. In most European countries, the role of size as a bank characteristic that explains differential loan supply reactions to monetary policy could be either irrelevant or possibly even reversed with respect to the usual assumptions of the literature. However, there may still be distributional effects, which might depend more on other factors. For example, in some European countries, some groups of small banks have traditionally acted as collectors of retail deposits to the whole banking system. Consequently, those banks tend to be more liquid on average.
It may be the case that these banks react differently to monetary policy changes.
In order to understand how strong distributional effects across banks are in the various countries, and which bank characteristics should be relevant, it is therefore necessary to consider the institutional peculiarities of each country. 17 Table 3 looks at the various characteristics discussed above and provides a rough ranking of the euro area countries. Relationship lending, for example, emerges as an important feature in Austria, Germany and Italy. We would expect that some banks in these countries shelter their customers from monetary policy tightenings, with an accordingly muted response of their lending. Bank characteristics like size that proxy informational asymmetries should not be particularly revealing in most of the euro area countries. In particular, in countries like Austria or Germany, where bank networks are important and many banks are publicly owned or guaranteed, or in Finland, where for some time there has been a government guarantee and most banks are organised within a banking group, we would not believe that a smaller bank is subject to stronger informational asymmetries and as such forced to reduce its lending more strongly after a monetary tightening.
17 Several papers have already ranked countries with respect to the effectiveness of a bank lending channel (Kashyap and Stein (1997) , Cecchetti (1999) , DNB (2000)). They rely on indicators from three main categories: the importance of small banks, bank health, and the availability of alternative finance. Despite differences with respect to some countries, the rankings reach relatively similar conclusions. For the four largest economies, both Kashyap and Stein (1997) and Cecchetti (1999) rank Italy as the strongest, France and Germany in the mid range, and Spain as the country with the least exposure to a bank lending channel.
The model
We base our analysis of bank lending on a very simple version of the model by Bernanke and Blinder (1988) . We restrict the model of the deposit market to an equilibrium relationship, assuming that deposits ( D ) equal money ( M ) and that both depend on the policy interest rate i as follows:
The demand for loans ( d i L ) which a bank faces is assumed to depend on real GDP (y ), the price level ( p ) and the interest rate on loans ( l i ):
The supply of loans of a bank ( s i L ) depends on the amount of money (or deposits) available, the interest rate on loans and the monetary policy rate directly. This direct effect of the monetary policy rate arises in the presence of opportunity costs for the bank, when banks use the interbank market to finance their loans or in the case of mark-up pricing by banks, which pass on increases in deposit rates to lending rates. 18 The supply of loans is therefore modelled as:
We furthermore assume that not all banks are equally dependent on deposits. We model the impact of deposit changes to be lower, the higher the bank characteristics size, liquidity or capitalisation ( i x ):
The clearing of the loan market, together with equations (1) and (4), leads to the reduced form of the model:
which can be simplified to 18 For the reaction of interest rates to monetary policy at the aggregate level, Mojon (2000) provides evidence for several countries of the euro area. For some evidence at the bank level for France, see Baumel and Sevestre (2000) . bank specific loan demand proxies that allow for differences in loan demand across banks. The results seem to be rather robust to these changes (see, e.g., Worms, 2001 ).
Moreover, in the empirical model, we allow for asymmetric responses of bank lending to GDP and prices by the inclusion of these variables interacted with the bank characteristics. 19 We also introduce some dynamics and estimate the model in first differences. 20 The regression model is therefore specified as in equation (7): The approach followed in model (7) is based on the assumption that we can capture the relevant time effect with the inclusion of the macroeconomic variables. We estimate a second model with a complete set of time dummies, in order to ensure that this assumption holds. This second model is therefore estimated as
where all variables are defined as before, and t λ describes the time dummies.
We see a comparison of the estimated coefficients on the interaction terms between the two models as a sort of specification test. To the extent that they are similar it gives us some confidence that we can use model (7) to infer the direct effect of interest rates on lending for the average bank from the coefficients j c .
In both models, the distributional effects of monetary policy should be reflected in a significant interaction term of the bank specific characteristic with the monetary policy indicator. The usual assumptions met in the literature are that a small, less liquid or less capitalised bank 21 reacts more strongly to the monetary policy change than a bank with a high value of the respective bank characteristic. This would imply positive coefficients on the interaction terms.
As a monetary policy indicator, we use the change in the short term interest rate. The three measures for bank characteristics size (S), liquidity (Liq) and capitalisation (Cap) are defined as follows:
Size is measured by the log of total assets, A it . Liquidity is defined as the ratio of liquid assets L it (cash, interbank lending and securities) to total assets, and capitalisation is given by the ratio of capital and reserves, C it , to total assets.
All three criteria are normalised with respect to their average across all the banks in the respective sample in order to get indicators that sum to zero over all observations. For the regression model (7), the average of the interaction term
is therefore zero, too, and the parameters j c are directly interpretable as the overall monetary policy effects on loans. In case of size, we normalise not just with respect to the mean over the whole sample period, but also with respect to each single period.
This removes unwanted trends in size (reflecting that size is measured in nominal terms).
Due to the inclusion of lags of the dependent variable, we use the GMM estimator suggested by Arellano and Bond (1991) . This ensures efficiency and consistency of our estimates, provided that instruments are adequately chosen to take into account the serial correlation properties of the model (the validity of these instruments is tested for with the standard Sargan test). To ensure econometrically sound estimates for each country, the harmonised model needs to be amended slightly country by country, e.g. by choosing the appropriate treatment of seasonality, lag structure and an adequate set of instrumental variables. The actual regression models for each country are therefore slight modifications of equations (7) and (8).
We will estimate models (7) and (8) using two different datasets. The first is BankScope, a publicly available database provided by the rating agency Fitch Ibca that covers balance sheet data on banks in all the euro area countries, although not the full population in each. This data is available on an annual basis only. It has been used in all published papers for the euro area that are based on microdata on banks so far. The second dataset consists of bank balance sheet data collected by the national central banks of the euro area. These data are likely to be of a better quality, because they are available at least on a quarterly basis and cover the full population of banks in a country. To provide a comprehensive picture and to enable an assessment of the adequacy of BankScope for this type of exercise, we will make parallel use of both types of datasets.
Evidence from BankScope data
The existing literature on the role of banks in monetary policy transmission in Europe has so far been using the publicly available database BankScope. In order to achieve comparability with those studies, we will provide estimates on the basis of BankScope in this section. In the subsequent section we will then move on to the more comprehensive datasets available in the Eurosystem. This will give an indication as to how representative the BankScope results are.
The existing studies using BankScope show rather inconclusive results. 22 For instance, both de Bondt (1999) and King (2000) report that size and liquidity are important bank characteristics. However, they find such effects in different countries. Whereas King identifies them in France and Italy, de
Bondt finds them to be particularly weak in these two countries. Instead, he finds evidence for size and liquidity effects in the Netherlands, which King does not.
22 Favero et al. (1999) find that loan growth is unrelated to size or liquidity in 1992 (a year when there was supposed to be a tightening of monetary policy). Note that the use of consolidated balance sheet data in BankScope, by counting also bank holdings abroad, leads to the sum of total assets for some countries to exceed the actual sum of total assets within that country.
Beyond the differences in specification, these contrasting results may be attributed to two intrinsic weaknesses of the BankScope data. First, the data are collected annually, which might be too infrequent to capture the adjustment of loans following a change in interest rates. Second, the sample of banks available in BankScope is biased toward large banks. This is shown for the four largest countries of the euro area in Table 4 . 23 The coverage of the population of banks ranges from about 40% in France and in Spain to a little bit more than 60% in Italy and in Germany. However, the median and average bank size is several times larger in BankScope than in the actual population.
In terms of market share this poses less of a problem, since, as described in section 2.2, the larger banks make up a disproportionately larger fraction of the total loans. The biases are, however, stronger for the beginning of the sample (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , since the coverage of BankScope has improved markedly over the years.
BankScope data offer the choice between consolidated and unconsolidated balance sheets. For the purposes of this paper, we opted for consolidated balance sheets whenever available, and unconsolidated balance sheets otherwise. In order to assess financial constraints and informational asymmetries of a bank, it is important to know whether a bank is in fact a subsidiary of another, potentially large and well known, bank. In such a case, using the subsidiary's unconsolidated balance sheet would lead to a biased measurement of the informational problems of the bank. However, this choice is not without drawbacks. As mentioned in table 4, consolidated balance sheets can potentially exaggerate the size of a bank, especially if a bank is internationally oriented, and has bank holdings abroad. This might create problems when looking at individual countries, where the mismeasurement due to international operations of domestic banks is larger than when looking at evidence on the euro area aggregate level.
23 Table A6 in the appendix extends the comparison to all countries of the euro area. Whereas for some countries the coverage is extremely poor (most noticeably for Finland, where only 5% of all banks are covered by BankScope, and where the average size of a bank in BankScope is roughly 50 times as big as the average bank in the actual population. This comes about because BankScope treats OKO Bank as one bank only), it is fair for many other countries.
Evidence on the aggregate euro area level
To assess the role of banks in monetary transmission at the euro area level, we first estimate model (7) with the full BankScope dataset, i.e. including observations on banks in all euro area countries, without discriminating for national parameters. In order to proxy loan demand and the monetary policy changes for each bank as closely as possible, we regress loan growth of a bank in country z on country z's GDP growth, inflation rate and the interest rate change. The model is therefore formulated as in equation (7a). The main results for model (7a) are summarised in table 5. 24 Each column presents the results from one of the specifications -first models with one of the bank characteristics each, then one model with all three characteristics simultaneously, and last a specification where size and liquidity enter, both in single and double interactions. Through double interactions, it is possible to test whether the effect of liquidity depends on the size of banks. The underlying idea is similar in spirit to Kashyap and Stein (2000) , and assumes that the relief a bank gets from additional liquidity should be the larger, the smaller the bank.
We report the estimated long-run coefficients only. These are calculated as the sum of the coefficients of the various lags of the indicated variable, divided by one minus the sum of the coefficients on the lagged endogenous variable.
The model with size as the only bank characteristic performs best -size dominates all other characteristics, both in the specification with all three of them and in the one with double interactions. The average bank reduces lending after a monetary tightening by 1.3% following a 100 basis point increase in interest rates. Smaller banks, however, reduce their lending by more than large banks do.
Whereas capitalisation does not enter the models significantly, liquidity at first sight seems to be a good discriminatory device to trace the differential loan response of banks, too, given the highly significant interaction term (which has an unexpected negative sign). However, this model is not robust. 
Evidence on single countries in a pooled regression
The regression performed in the preceding section treated all banks in the same way by restricting all coefficients to be the same across countries. In this section, the model is extended to exploit the information on cross-country differences. The parameters of interest, i.e. those on the bank characteristic, the first difference of the interest rate, and the interaction of the two, are now allowed to vary across countries through the introduction of country specific dummies: Germany in the specification with size suggest that the large number of German banks (roughly 50% in the sample) dominates the results, although this is not the case for the other specifications. In any case, these results are very difficult to interpret with respect to the role of banks in the individual countries.
There are two potential explanations for this result. On the one hand, it might be that there is a considerable degree of heterogeneity in the data, which would imply that pooling the data and restricting the coefficients to be identical across countries does not necessarily constitute a useful exercise. On the other hand, the aggregate model contains more variability in the interest rates; with national interest rates, the model incorporates a much richer variation in interest rates on which it can draw inference, namely across time in each country, but also across countries for a given time. This additional variation can potentially alleviate problems stemming from the short sample of the BankScope data.
Evidence on France, Germany, Italy and Spain in separate regressions
This section presents results from re-estimating model (7a) separately for each of the four largest countries of the euro area. These countries have the largest cross-sectional dimension, so that it might be possible to improve on the results of the preceding section for these countries. This also allows us to check for the consistency of the BankScope results with those reported in the subsequent section, obtained at the national level with the more comprehensive datasets. For most of the estimated models, a tightening of monetary policy leads to the expected decrease of loans. However, with the exception of Germany, the results lack significance and robustness. The most extreme case is France, where not a single coefficient turns out to be significant and several coefficients even change sign across the different models. Also in Spain and Italy, the coefficients on the macro variables depend on the exact model specification, and frequently change sign. For Spain, the specification with liquidity as bank specific characteristic results as the model with the most significantly estimated effects, suggesting that banks with a lower degree of liquidity react more strongly. For Germany, the country with by far the best coverage in BankScope, the parameters are 26 The "national coefficients" are calculated as ) ( generally estimated to be significantly different from zero. The average bank reacts to a monetary tightening by decreasing loans. This coefficient is always estimated to be negative and significant at the 1% level, but its size varies considerably across the different specifications.
The lack of robustness and the few specifications that achieve significant estimates cast some doubt on the adequacy of BankScope to capture the distributional effects of monetary policy across banks.
Evidence from Eurosystem datasets
In this section, we employ the Eurosystem datasets for national models for each of the four largest countries of the euro area, and report the analysis of similar models for the other euro area countries covered in the companion papers. The results of models (7) and (8) for France, Germany, Italy and Spain are presented in tables 6a-6d and A10.
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The long-run effects of monetary policy on loans of an average bank are estimated to be negative in all countries, indicating that restrictive monetary policy reduces loan supply in the long run. As we had conjectured in section 2, size does not emerge as a useful indicator for the distributional effects of monetary policy. In the specifications with size only, we find it to be insignificant in France, Germany and Italy, and significantly negative in Spain. 28 Hence, the role of size as an indicator of informational asymmetries appears irrelevant in all countries, which is consistent with the structure of the banking market. Also capitalisation does not play an important role in distinguishing banks'
reactions. Its interaction with the monetary policy indicator is insignificant in all countries, both when used as the only characteristic as well as in the complete specification with all three criteria.
This could be caused by several reasons. For example, the measure of capitalisation we use could be too crude to capture the riskiness of a bank, and is thus not indicative for the informational asymmetry problems. This could very well be the case, since our capitalisation variable is derived from balance sheets without considering the structure of the loan portfolio or its risk characteristics.
It might therefore not be capturing a risk-based measure like the Basel capital requirement.
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An alternative explanation could be that all banks are operating at levels of capitalisation sufficiently high to prevent market participants' doubts on the soundness of a bank. In such a case, capitalisation does not determine a bank's reaction to monetary policy any longer. Loupias et al. (2001) have estimated a model with a double interaction of size and capitalisation with monetary policy. This is a way to check whether, after a monetary policy tightening, small and under-capitalised banks restrict 27 A description of the sample periods, the outlier detection methods and the exact specifications can be found in the appendix. 28 For Italy, this is consistent with previous work analysing lending rates, e.g. Angeloni et al. (1995) and Cottarelli et al. (1995) . 29 The BIS ratio measure cannot be obtained from the available datasets for the four largest countries.
their loan supply by more than large banks do. The paper does not find any significant coefficient, thus confirming that capitalisation does not seem to affect banks loan supply in a significant way, at least in France. Moreover, when comparing the level of capitalisation of European banks with those in the US (see table A3), it can easily be seen that (with the notable exception of Germany where, as stated in section 2, the asset structure of banks is less risky), banks in Europe are much better capitalised. The third bank characteristic, the degree of liquidity, turns out to be a highly significant indicator for distributional effects across banks in Germany, Italy and Spain. In the specifications with all three bank characteristics, it dominates the other characteristics for those countries, and now becomes the significant and dominant characteristic also for France.
Looking at the more detailed analysis in the national companion papers, results for Spain appear to be less robust than in the case of the other countries. Indeed, this result disappears when looking at the response of different types of loans and at the response of loans to an exogenous shock to deposits (Hernando and Martínez-Pagés, 2001 ). Therefore, in the case of Spain, the distributional effects across banks with different degrees of liquidity do not appear to be related to loan supply effects.
On the other hand, the results for the other countries are very robust. For Germany, it turns out that the result is driven by the short-term interbank deposits that many small banks with a network affiliation hold with their head institutions (Worms, 2001) . For Italy, the analysis is extended to the role of deposits and liquidity. It is shown that deposits drop sharpest for those banks that have fewer incentives to shield their deposits, like, e.g., small banks with a deposit to loan ratio larger than one.
The analysis of liquidity supports the idea that banks use their liquidity to maintain their loan portfolio (Gambacorta, 2001b) . For France too, this conclusion appears to be robust, both to different measures of the liquidity ratio and to the specific treatment of mutual and cooperative banks networks (Loupias et al., 2001 ). banks react more strongly to monetary policy than retail banks. Looking at table 3, these findings can be explained by the fact that the role of government is weak in the Netherlands, such that banks cannot rely on government guarantees to attract financing. There are also no important bank networks in the Netherlands. Thus, the Netherlands appears to be a case where the usual informational asymmetry problems might play a bigger role than in many other countries of the euro area. Interestingly, the split according to retail and wholesale banks can be reconciled with the fact that relationship lending is important in this country.
A paper on Portugal (Farinha and Marques, 2001) finds similarly that monetary policy tightenings reduce bank lending. Here, the capitalisation of banks plays an important role for the way banks respond to interest rate changes, whereas the other tested criteria size and liquidity do not. They report furthermore, that the models are subject to a structural break when Portuguese banks had the possibility to access funds from foreign EU banks. Interestingly, during this period the growth rate of loans increased relative to the growth of deposits, suggesting that this improved availability of funds matters for the growth rate of lending. Brissimis et al. (2001) investigate the Greek case, and conclude that both the size and the liquidity of a bank determine distributional effects. Although there has been a strong involvement of the government, proxies for informational asymmetries seem to be important in Greece. This is consistent with the absence of bank networks, so that each bank's own creditworthiness is relevant.
However, it has to be noted that, as is described in more detail in the paper, the Bank of Greece managed to tightly control the banking activities by applying a reserve requirement of 12% (and of effectively 100% for deposits in foreign currencies).
Kaufmann (2001) looks at Austrian data, and detects distributional effects across banks only for subperiods of the sample. When they are found, it is the degree of liquidity that matters rather than size. This is in line with our results for Germany, and consistent with the similarity of the two banking systems as evidenced in table 3. Interestingly, monetary policy is effective only in times of economic slowdowns, as opposed to times of high growth.
Looking at the case of Finland, Topi and Vilmunen (2001) find that bank lending contracts after interest rate increases. Monetary policy does seem to affect all banks alike, however. Only liquidity is marginally significant in its interaction with monetary policy. This is in line with our conjecture of section 2, that the state guarantees in the aftermath of the banking crisis, which were maintained in parts of the sample period they study, change the lending behaviour of banks. Interestingly, the authors provide further evidence in this direction: a dummy variable for the state guarantees enters significantly in their regressions, indicating that the bank support measures themselves might have contributed to the increase in the growth rate of loans.
Macroeoconomic relevance
Since the results presented in the preceding section are based on panel data regressions, the long-run coefficient on the monetary policy indicator represents the reaction of the average bank in the sample. Given the heterogeneity of reactions across banks (as shown through the significant interaction term with liquidity), the reaction of the average bank need not be informative on the overall macroeconomic effect of monetary policy on bank loans. We had found that for three countries, less liquid banks react more strongly. If we want to interpret this finding on a macroeconomic level, it is important to weight the banks in the sample with their respective market share when calculating their response to monetary policy. The resulting, overall response of the loan market can be quite different from the response of the average banks, depending on the distribution of liquidity and market share across banks. Table A5 presents some evidence on this distribution in the single countries.
In table 7, we present how the equilibrium quantities in the loan market respond in each country. This response is calculated by first weighting the liquidity ratio of each bank with its loan market share.
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Doing so yields the liquidity ratio of the loan market as a whole. Then, this ratio is used in the estimated models to explore overall loan market responses.
The weighted average coefficient implies that the magnitude of the lending reaction is similar in France and Spain, and similar in Germany and Italy. France and Spain show a much stronger overall response than Germany and Italy. This finding could for example be explained by the dominance of relationship lending in the two latter countries -that some banks shield their customers from a monetary policy tightening seems to be reflected in a lower overall responsiveness of loans. Interestingly, the same exercise with BankScope arrives at not too dissimilar conclusions. Table A11 reports the respective coefficients, which show that the response is significantly estimated for Spain and Germany. The response is somewhat stronger for Spain, and for Germany is actually very close 30 However, in the case of France, one should keep in mind that only banks with a significant level of deposits have been kept in the sample, leaving aside many branches of foreign banks, as well as specialised credit institutions which, on the whole, account for about ¼ of total loans. to the one obtained with the full sample. For Germany, therefore, the coverage of large banks is good enough to portray the relevant market reaction fairly well.
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This observation leads us to believe that BankScope, although a poor instrument to investigate micro effects across banks, can actually give a fair description of the macro effects. This is easily understandable as macro effects mainly derive from large banks' responses to monetary policy shocks. It is therefore enlightening to calculate the overall response of the euro area loan market from the BankScope regressions. Looking at the euro area models, the preferred specification is the one with size as bank characteristic. Repeating the same kind of exercise, we find the market response to be 261 . 1 − (significant at the 1% level).
The long-run effect of monetary policy on bank loans is in the range of a 1% decline after a 100 basis point increase in interest rates in Germany, Italy and the euro area as a whole.
32 However, there is considerable heterogeneity across countries, as shown in the much stronger reaction of French and Spanish loans.
Conclusions
This paper has investigated the role of banks in monetary policy transmission in the euro area. It has been shown that bank lending contracts significantly after a monetary tightening both on the euro area aggregate as well as on the country level.
Using micro data on banks, it is found that liquidity is important to characterise a bank's reaction to a monetary policy action: less liquid banks react more strongly than more liquid banks do, although not in all countries. On the other hand, factors like the size or the degree of capitalisation of a bank are generally not important for the way a bank adjusts its lending to interest rate changes. This is opposed to findings for the US, where small and lowly capitalised banks show a disproportionately strong response to monetary policy. We explain the absence of size and capitalisation effects with a lower degree of informational asymmetries: the role of the government, banking networks, as well as the low number of bank failures in the countries of the euro area contribute to a reduction in informational frictions. Proxies for informational asymmetry are therefore less informative in the European case than they are in the US.
31 Interestingly, the lower frequency of the BankScope data seems to be less problematic for analysing the distributional effects than the coverage bias. When the Eurosystem dataset on German banks is used to analyse the distributional effects amongst large banks only, then size turns out to be a significant determinant, just like in the BankScope regressions reported in this paper (see Worms, 2001 ). This indicates that the differences in frequency between the two datasets are less of a problem. 32 These estimates are in the same range as those found at the macro level in VAR analyses, e.g., by Peersman and Smets (2001) .
The way banks respond to monetary policy can be explained by the structure of banking markets.
This finding emerges when comparing the banking systems between Europe and the US, and matching the empirical findings with differences in the banking structures, as well as in the same comparison across euro area countries.
We have worked with two different types of datasets in this paper. The publicly available database BankScope, used in similar studies to date, suffers from a representation bias. Since small banks are not covered adequately, the microeconomic distributional effects are estimated on a biased sample of banks. This might explain the contradictory findings in the previous literature as well as the few cases of coinciding evidence in this and earlier studies. When estimating the macroeconomic importance of the bank loan response, this bias is less important, however: since the coverage of large banks is relatively good, both the estimates with BankScope and those with the complete population of banks arrive at quantitatively similar conclusions. This holds especially for Germany, which is covered particularly well in BankScope.
The Eurosystem datasets used in this paper have been able to produce a set of stable and robust results that improves markedly on the existing evidence on the role of banks in monetary policy transmission in the euro area to date.
APPENDIX 1: Databases and estimation methods
A) The samples 
3) Criteria defining banks and sample initial coverage
Credit specialised financial institutions are excluded from the sample in France, Italy and Spain. For Spain, also branches of foreign banks are excluded from the sample. For France, each mutual bank network (except for one of them) is considered as an aggregate bank. Banks with less than 10 % deposits (which are mostly foreign banks are discarded from the sample). Banks with less than 1 % loans are also discarded. Before the necessary trimming of the samples, but after the merger treatment, the coverage is as follows: 
5) Number of consecutive lags required:
Due to the model specification as well as the estimation methods requiring numerous lags, we required a minimal number of consecutive observations of the first difference of the log of loans (and correspondingly for the other variables in the model): 2 lags for BankScope, 5 for France, 4 for Germany, 12 for Italy, and 9 for Spain.
The final composition of the samples used for econometric estimations is thus: 
2) Liquidity
The liquidity ratio is computed by dividing liquid by total assets. The precise definition of liquidity changes a bit from country to country, due to differences in the available information: In France, it is constructed as cash and interbank deposits. In Germany, it includes cash, short-term interbank deposits and government securities. In Italy, it comprises cash, interbank deposits and securities and repurchase agreements at book value. In Spain, liquid assets include cash, interbank lending and government securities. For BankScope, this variable is pre-defined in the database. For all countries, the ratio liquidity/total assets is centred with respect to its overall sample mean.
3) Capitalisation
For all countries, capitalisation is defined as the sum of capital and reserves divided by total assets. For BankScope, this variable is pre-defined in the database. Also capitalisation has been centred with respect to its overall sample mean.
4) Size
For all countries and BankScope, size is defined as the log of total assets. This variable is centred with respect to each period's mean.
5) Monetary policy indicator
In each country but Italy, the monetary policy indicator is the first difference of the 3 months interest rate. In Italy, it is the first difference in the interest rate on repurchase agreements between the central bank and credit institutions.
C) Model specification and estimation methods
For France, model (7) is directly estimated with four lags and contemporaneous macro variables. Instruments are second and third lags of the 1 st difference of log of loans, second lags of the characteristics included in the equation: size and/or liquidity and/or capitalisation, and the monetary policy indicator which is assumed exogenous. All these instruments are multiplied by time dummies "à la Arellano-Bond".
For Germany, all bank specific variables have been seasonally adjusted on a bank individual basis, using a MA procedure. The first difference operator has been applied to model (7) For BankScope, model (7) is estimated with one lag of the endogenous variable, and either the contemporaneous values or one lag (if contemporaneous values are not significant) for the other explanatory variables. Estimation is performed in first differences. Instruments are the second and consecutive lags of the 1 st difference of log of loans, the bank characteristics and the interaction terms. Kashyap and Stein (2000) . The datasets are corrected for "nonsense" observations, like banks with total assets smaller or equal to zero. A "small" bank is situated below the third quartile of the distribution of total assets, while a "large" bank is situated above the 95th percentile. Data for the US refer to 1993 and are expressed in billion US dollars. Liquid assets for the US are calculated as cash, securities and federal funds lent. data. The datasets are corrected for "nonsense" observations, like banks with total assets smaller or equal to zero. "Small" banks have assets less than 1 billion euros, while "large" banks have assets more than 10 billion euros. 
